Morphine is administered intrathecally alone or in combination with other drugs to provide spinal analgesia. Dosefinding studies have recommended 100 μg be used intrathecally to optimise analgesia and minimise side-effects for caesarean section and hip replacement surgery. Dilute solutions of morphine are generally not available, mandating preparation from a 10 mg/ml ampoule. We postulated that diluting morphine would be inaccurate and imprecise, contributing to the variability in patient response often reported. Twenty consultant and trainee anaesthetists were recruited and asked to prepare 100 μg of morphine from 10 mg/ml vials and from a hypothetical prediluted 500 μg/ml solution. The resultant samples were analysed using liquid chromatography. Prepared morphine doses ranged from 25 μg to 289 μg. Dilution of morphine was less accurate (P=0.001) and more imprecise (P=0.001) compared with using a prediluted solution. A single-step dilution technique using 0.1 ml of a solution diluted to 1.0 mg/ml was more accurate than when a double-dilution technique was used (P=0.047). Given that dose-finding studies suggest that analgesia and side-effects vary at the dose range found in this study, we advocate the use of prediluted solutions. If dilution is to be performed a single-step dilution technique should be used.
Opiate analgesics have long been used for spinal analgesia [1] [2] [3] . Morphine, because of its low lipid solubility, provides analgesia for up to 40 hours after spinal administration. Side-effects such as pruritis, urinary retention and respiratory depression have a similar duration [4] [5] [6] [7] .
As spinal anaesthesia has gained popularity in obstetrics and orthopaedic surgery, much work has been done to determine the optimal dose of intrathecal morphine to provide postoperative analgesia. Doses between 25 μg and 200 μg have been advocated for caesarean section and found to provide good postoperative analgesia both alone and in combination with other analgesic agents [8] [9] [10] . Doses greater than 100 μg do not appear to offer additional analgesia but result in a higher reported rate of side-effects 8, 10 . Similarly, for hip arthroplasty, 100 μg appears to optimise analgesia and minimise side-effects 11 . A higher dose may be required for major knee surgery 12 .
Morphine is currently available in Australia in multiple preparations. Ampoules containing 5 mg/ml, 10 mg/ml and 15 mg/ml are produced commercially and are commonly available. Some hospital pharmacies produce dilute solutions for use in spinal anaesthesia, whilst 1 mg/ml and 0.5 mg/ml solutions are available internationally. As the dose range for intrathecal administration of morphine is 50 to 200 μg, when these low concentration solutions are not available the anaesthetist is required to prepare a dilute solution.
Toyoyama et al 13 advocated the addition of one drop of 10 mg/ml solution from a 23 gauge needle to produce 150 μg of morphine. There have been no other descriptions or attempts to standardise the dilution of morphine reported in the literature. This study was designed to examine the accuracy and precision of dilution techniques used in intrathecal injections.
METHODS
After ethics committee approval and informed consent, 11 consultants and nine trainees (four Melbourne teaching hospital. There were no refusals.
Data collection included years of training and specialist status, previous experience with intrathecal injection of morphine, usual method of dilution of intrathecal morphine and typical intrathecal morphine dose administered.
Subjects were asked to prepare morphine 100 μg [8] [9] [10] [11] were provided with a single ampoule of morphine 10 mg/ml and could prepare a solution using any combination of needle and syringe they requested. This preparation was injected into a glass vial, simulating the addition to a syringe used for intrathecal injection. This procedure was repeated three times. Finally, the subjects were asked to prepare morphine 100 μg from a mock solution said to contain morphine 500 μg/ml. All subjects chose to do this with a 1 ml syringe. This latter solution consisted of normal saline and was used as a volume measurement to calculate the amount of morphine which would have been present at such a concentration.
Our 10 mg/ml solution of morphine contained morphine in sulphate form (10 mg of morphine For this reason the amount of morphine sulphate rather than morphine as a free base was calculated. The morphine sulphate concentration delivered into each vial was determined as follows:
Each empty vial was labelled and then weighed. After the morphine sulphate doses were delivered into the labelled vials, the vials were then weighed again and the weight of solution in each vial was calculated by subtracting the weight of the empty vial. This weight of morphine sulphate solution in each density of 1.00 for the purpose of this study. All vials which contained approximately 0.1 ml of morphine sulphate solution were diluted a further 1/10 with 0.9% saline. This was done in order that all samples could be analysed at similar concentrations, regardless of what volume had been used by the subject. This dilution was performed as follows: 20 μl of the solution in the vial was dispensed into a clean labelled vial and 180 μl of saline was added and the solution was well mixed using a vortex mixer. The concentration of diluted morphine sulphate solution was determined by injecting 20 μl of the contents of each vial onto the high performance liquid
The concentration of morphine sulphate in each vial was determined by reference to the calibration curve and then multiplied by the 1.
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concentration of morphine sulphate in the original vials. All vials which contained approximately 1 ml of morphine sulphate solution did not require further dilution before analysis and 20 μl of each of these vials was injected onto the HPLC column. The concentration of morphine sulphate in each vial was determined by reference of the area of each morphine peak to the calibration curve to calculate the concentration of morphine sulphate in the vials. Morphine was detected at a wavelength of 283 nm. The morphine peak eluted at 5.7 minutes. A 10 mg/ml ampoule of morphine sulphate solution was used to prepare working standards. This solution was diluted 1/10 and 1/100 with 0.9% saline to prepare working standards of 1 mg/ml and 0.1 mg/ml; 20 μl of each working standard was injected onto the HPLC column and the area of the morphine peak obtained was plotted against the concentration of morphine sulphate. This calibration curve was a straight line which passed through the origin.
Statistical analysis
We estimated that at least 14 subjects were required in order to have 80% power to detect a 25%
The three samples prepared by dilution were averaged 5.
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and were treated as a single sample for subsequent using a one sample Komolgorov-Smirnov test to assess whether the results were consistent with a normal distribution (subsequent P tests were hence used for further analysis. Morphine solutions prepared by one-and two-step dilution techniques were compared. Precision was compared using the Levene's test of equality of variances and accuracy was compared using a two-sided Student's t-test. The association between level of experience of intrathecal morphine techniques and accuracy and precision were measured using rank correlation. The was compared using Kruskall Wallis ANOVA. All analyses were done using SPSS for Windows v11.0 P value of less RESULTS morphine on 10 or more occasions; only one subject had used intrathecal morphine on more than 40 occasions. Two main techniques were used to prepare morphine when dilution of the solution was required.
Eight subjects used a one-step technique in which 1 ml of the 10 mg/ml morphine solutions was diluted with 9 ml of normal saline to produce a solution containing 1 mg/ml. One tenth of a ml of this solution was then used. Nine subjects used a two-step dilution technique in which 1 ml of the 10 mg/ml solution was diluted to 1 mg/ml with 9 ml of normal saline. One ml of this solution was taken and a further 9 ml of normal saline was added. One ml of this 100 μg/ml solution was then used. The morphine samples which were prepared without dilution were found to have less variability than those which required dilution, 95 vs. 666 (P P=0.001 (see A single-step dilution technique using 0.1 ml of a solution diluted to 1.0 mg/ml was more accurate than when a double-dilution technique was used (mean values, 113 vs. 133.6 (P with a single step were also more precise, although 1220 (P The level of experience with previous intrathecal morphine administrations and status of the subjects effect on precision of preparation (P=0.15 and 0.84,
DISCUSSION
The principal aim of the study was to determine whether the dilution of morphine was less accurate and precise when compared with adding morphine which did not require dilution. We found that dilution decreased accuracy. The resultant morphine dose was 25% higher when the samples required dilution. Thus, the dilution process introduces greater opportunity for error. difference between samples which require dilution in their preparation and those that do not. The latter technique resulted in a mean dose of 101 μg. Assuming a normal distribution, 95% of prepared samples are between 82 μg and 120 μg. The two-step technique resulted in a mean dose of 126 μg and 95% of samples were between 52 μg and 199 μg, thus providing increased opportunity for underdosage and overdosage. 
Method of preparation Number of subjects
One-step technique: morphine 10 mg/ml diluted with 9 ml of normal saline, to produce a solution containing 1 mg/ml; 0.1 ml of this solution was then injected 8 Two-step technique: morphine 10 mg/ml diluted with 9 ml of normal saline, to produce a solution containing 1 mg/ml; 1 ml of this solution was then diluted with another 9 ml of normal saline to produce a 10 μg/ml solution; 1 ml of this solution was then injected In previous studies, intrathecal morphine 100 μg has been found to be more effective for postoperative analgesia when compared with 50 μg after hip arthroplasty and caesarean section 8, 11 . Our results suggest that the method of preparation of morphine for intrathecal injection could have a substantial effect on postoperative analgesia if the variation in prepared dose is as large as in our study. Similarly, when larger doses of intrathecal morphine are 7, 8, 10, 12 and postoperative nausea and vomiting 7, 12 . Given this information, accurate administration of intrathecal morphine is necessary to avoid complications and It is conceivable that there is greater potential for error in usual clinical practice than occurred in this study, as the setting was without stress and the subjects were not fatigued. Also, there is a potential for a Hawthorne effect due to the increased vigilance associated with study scrutiny.
There were two main techniques used to prepare the morphine solutions. A one-step technique was shown to be more accurate (mean values, 113 vs. 133.6 (P A one-step dilution technique was also more precise with greater experience with intrathecal morphine dilution. However this was not the principal aim of the study and hence the study may not have been powered appropriately to detect such a difference if one exists.
The unacceptably large range of morphine doses prepared by our subjects supports the use of prediluted solutions of morphine for intrathecal administration. If this is not available, then a single-step dilution should be used to accurately approximate the desired dose of morphine. As addition of opiate to local anaesthetic solution has been shown to alter the volume, baricity and hence spread of the solution 14, 15 , block obtained as a much smaller volume is added.
